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This thesis is comprised of two studies focusing on current adoption conditions and willingness 
to adopt warm-season grasses (WSG) of Tennessee beef cattle producers. The first study 
summarizes the results of Tennessee Beef Cattle Producer Survey, which gathered data about 
livestock producers, pasture management, livestock operations, producers’ knowledge about 
WSG and so on. About 40.5% of respondents have already planted WSG and half of them have 
grazed livestock on WSG for more than 10 years. From 2001 to 2017, the annual growth rate of 
number of producers who planted WSG was about 5.75%, although growth was more rapid 
during the recent 10 years.  
The second study explores the reasons for the limited utilization of WSG and the effect of 
financial incentives on WSG adoption. For the early users of WSG, except the effect of survey 
distribution, they were more likely to attend Field days or Extension workshops, have larger 
pastures, rotate livestock more frequently and test their soil. Respondents who were not already 
using WSG were asked if they would be willing to adopt WSG given a financial incentive. For 
respondents who were not already using WSG, producers who were more likely to adopt WSG 
include those who have higher stocking density, have higher expectations of WSG, rely more on 
municipal water, and had previously supplemented water source during a drought. Incentive only 
have influences on the adoption of WSG, about 50.8% to 64% of nonusers chose to adopt WSG 
with incentive changed from $25/acre to $165/acre. The number of acres of WSG they were 
willing to plant were influenced by their total pasture acres, expectations of WSG, and concern 
of time and effort needed to convert pasture to WSG. The results could be used when designing a 
program to promote the conversion of pasture to WSG through incentives and in targeting 
producers who are more likely to adopt WSG. 
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The south eastern United States is an important and ideal area for beef production. This area is 
known as the fescue belt (figure 1), because most of the cattle in this area grazed on the cool-
season grass (CSG) tall fescue (Campbell, 2012). With climate change comes a higher 
probability of extreme weather events, including drought. Drought brings with it increased 
demand for water. Cool season grasses dominate the forage systems in this region. The warm 
summer months result in a CSG productivity gap, which can be exacerbated during prolonged 
dry periods (Tracy et al., 2010). Warm-season grasses are drought tolerant, and could fill forage 
gaps to sustain livestock weight gain and reduce feed costs (Anderson, 2000). Reliable forage 
production could help producers decrease production costs and increase their ability to cope with 
risks related to unstable forage supply and bad weather. Converting part of the current CSG 
pastures to WSG may increase pasture efficiency (Barnhart, 1996). The conversion of CSG 
pasture to WSG also has the potential to generate other benefits. The deep root systems of WSG 
could also help reduce soil erosion and runoff. Warm-season grasses could also provide optimum 
habitat conditions for native wildlife species. (Maureen and Marks, 2005). 
Conservation programs have been established to restore grassland (Allen, 2005). The 
Conservation Reserve Program, the largest private-land conservation program in the US, was 
established in 1985 to improve water quality, prevent soil erosion, and reduce loss of wildlife 
habitat (USDA, 2018). The Environmental Quality Incentive Program (EQIP) was subsequently 
introduced to encourage land-owners to adopt conservation practices or best management 
practices through incentives on working farmland (Obubuafo et al., 2008; Lambert et al., 2007). 
Implementation of these practices could lead to cleaner water and air, healthier soil and better 
wildlife habitat, all while improving agricultural operations (USDA, 2018). The hypothetical 
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incentive program included in the survey reflected the real situation that producers who are 
interested in adopting WSG could get financial and technological assistance from these 
conservation programs.    
Regardless of all the private and public benefits for producers and environment, the 
adoption of WSG in beef cattle production is limited. Although there is no recent data, according 
to a 1999 survey, Missouri had the largest reported WSG acreage among all the eastern states in 
1997 (Taylor, 2000), at about 3% of Missouri’s six million acres of grassland and range (USDA, 
2017). For the eastern United States, wildlife habitat, wildlife feed and land 
protection/conservation purposes were the primary use of WSG, with only one-third of WSG 
acres used for hay and grazing (Taylor, 2000). In Tennessee, only about 4% of WSG acres was 
used for hay production and grazing (Taylor, 2000).      
This thesis consists of two studies about WSG adoption by beef cattle producers in 
Tennessee. The objective of the first study is to summarize the survey results from 2018 
Tennessee Beef Cattle Producer Survey. The survey was comprised of six sections: livestock and 
forage production, WSG growers, choice question, choice question follow up, supplemental feed 
and drought, and general. Respondents were asked questions about their livestock operation, 
whether they use WSG, their willingness to adopt WSG given an incentive, their expectations of 
the effects of adopting WSG, the practices they have used to deal with drought, age, education, 
income, and other demographic questions. Information gathered from this survey and findings 
from mean comparison and partial correlation not only provide a general picture of Tennessee 
beef cattle producers, but also preliminary thoughts about the difference of different producers 
with respect to the adoption of WSG. 
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The objective of the second study is to determine what factors affect producers’ 
willingness to adopt WSG, and their responsiveness to a financial incentive using a hypothetical 
experiment. Explanatory variables such as producer characteristics, farm characteristics and so 
on were from 2018 Tennessee beef cattle producer survey. Results of this study could provide 
government and Extension agents clearer information about the role of incentives in influencing 
producer adoption of WSG and how to target producers when designing policies to promote the 
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Figure 1. Fescue Belt: Reprinted from Progressive Cattleman  
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This chapter summarizes the results of a 2018 survey of Tennessee beef cattle producers that 
gathered data about producers’ use of and willingness to adopt warm-season grasses (WSG). The 
data and information from this survey contributes to an understanding of the current status of 
WSG forage use for pasture management and livestock operations in Tennessee. About 41% of 
Tennessee producers surveyed were currently using WSG. Use of WSG was correlated with 
education level, household income, the percentage of income from farming, Extension field days 
or workshops attended, confidence that the survey would make a difference in Tennessee farm 
programs, purchase of pasture insurance, pastures acres owned, rotational grazing practices, and 
soil testing. Willingness to adopt WSG among producers not already using WSG was correlated 
with age, expectation of passing farm to a family member, fertilizer management, expectation 
that adoption of WSG would increase forage quality, livestock health and nutrition, management 




Tall fescue (Schedonorus arundinaceus (Schreb.) Dumort) is the dominant cool-season grass 
(CSG) forage species in the region referred to as the tall fescue belt (Figure 1) that extends from 
eastern Oklahoma, Arkansas and Missouri eastward through the Carolinas and Virginia 
(Wepking, 2017). Cool-season grasses grow best during cooler periods and poorly during 
summer (Patrick et al., 2017). Beef cattle producers operating in the fescue belt often supplement 
CSG with warm-season grasses (WSG) (Sanderson et al., 2012). Compared to CSG species, 
WSG (for example, big and little bluestem (Andropogon gerardii and Schizachyrium 
scoparium)) are an attractive forage crop because they are drought tolerant (Harper et al., 2007). 
Warm season grasses are adapted to high temperature and low moisture conditions (Craig et al. 
2011). Planting additional pasture acres with WSG varieties can provide desirable summer 
forage for cattle (Backus et al., 2017). Planting warm season grass species can increase pasture 
productivity, reduce weed pressure, and lower purchased feed costs (Bonin et al. 2014; Gelley, 
2015). Pastures seeded with WSG enable producers to hold stocker calves on pasture longer, 
adding extra weight to animals (1.1-2.4 lb/day), especially during the first 30 days of the summer 
grazing period (1.7-2.8 lb/day) (Keyser et al., 2012). Establishment of WSG on pastures also 
allows pastures planted with CSG to rest and re-establish after grazing (Harper et al., 2007). 
Additional benefits of managing pastures with WSG species include increased habitat diversity 
and reduction in erosion from pastures (Harper et al. 2011; Adrian et al. 2016).  
A 2011 survey focusing on the perceptions of Tennessee beef producers on native WSG 
revealed that only 5% of Tennessee beef producers used native WSG and 75% of them were not 
familiar with native WSG (Keyser et al., 2019). Given the benefits and limited adoption of WSG, 
researchers conducted a new survey of Tennessee beef cattle producers in 2018 to better 
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understand use and perception of WSG and willingness to adopt WSG given financial incentives. 
This chapter summarizes the results of that survey (Appendix C). The results of this survey could 
help Extension personnel design educational programs on the potential costs and benefits of 
planting WSG and also help policy makers design programs to incentivize the adoption of 
pasture mixes that promote resilience while maintaining profitability of beef cattle operations.  
Data 
The data were collected from a 2018 survey of Tennessee beef cattle producers. A list frame of 
7,433 beef cattle producers was obtained from the Tennessee Department of Agriculture. These 
producers were affiliated with the Tennessee Agricultural Enhancement Program (TAEP). There 
were email addresses associated with 5,825 of the producers. Qualtrics was used to administer 
the survey (Qualtrics, Provo, UT).  
Administration of the survey occurred in three phases. In the first phase, individuals 
identified with an email address were sent an email on March 2, 2018 inviting them to participate 
in the survey. A reminder email was sent two weeks later after the initial invitation. Individuals 
not associated with an email address were sent a postcard inviting them to participate in the 
survey two weeks later. The emails and postcard included a URL for the survey, along with brief 
information about the survey and its purpose. Form April 8th, the University of Tennessee’s 
Human Dimensions laboratory attempted to contact non-respondents by phone and administer 
the survey over the phone (Figure 2). The overall response rate was 30%, with 1,385 responses 
to the online survey and 367 responses to the phone survey. 
The survey was divided into six sections. The first section contained questions about 
livestock and forage production, livestock numbers, rotational grazing practices, current use of 
CSG or WSG, and owned and leased acres of pasture. Respondents who grazed livestock on a 
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WSG in 2017 completed the second section of the survey. This section included questions on the 
species of WSG used, when the respondent started using WSG, the perceived effects of WSG on 
the beef cattle operation, and respondent concerns about the time and effort of planting and 
managing WSG. Respondents who did not use WSG completed the third and fourth sections of 
the survey. The third section included a hypothetical choice experiment to elicit respondent 
willingness to adopt WSG, given a monetary incentive. There were five incentive levels 
randomly assigned across survey respondents. These levels, stated in terms of the producer’s 
share of the costs of converting pasture to WSG, after receiving the hypothetical incentive, 
ranged from $35, $70, $105, $140, to $175 per acre. A series of follow up questions, including 
what concerns respondents had about establishing WSG, and the expected effect of WSG on 
their operation, comprised the fourth section of the survey. All respondents were asked to 
complete the fifth section of the survey, which included questions about supplemental feeding 
practices, the impact of drought on their operation, livestock drinking water sources and opinions 
about the importance of risk management and drought contingency planning. The sixth and final 
section of the survey included questions pertaining to producer demographics.  
Data Analysis 
Survey responses are summarized and compared using univariate statistics. The respondents are 
grouped according to their responses to questions on their current use of WSG and their 
hypothetical willingness to adopt WSG given a financial incentive (Figure 3). Respondents who 
included a WSG in the list of forages on which they grazed livestock on in 2017 are categorized 
as “Users”, while those who did not are labeled as “Nonusers”. Nonusers were subsequently 
asked if they would adopt WSG if their share of the cost of planting a warm-season grass was 
$35, $70, $105, $140, and $175 per acre. Respondents were labeled “adopter” if they answered 
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yes and “nonadopter” if they replied no. Equality of variance of survey responses between 
groups were tested by variance-comparison tests. Then group means of survey responses were 
compared using t tests. When the variance of the groups are different, t tests for unequal variance 
are conducted (i.e., the degrees of freedom will be adjusted using Satterthwaite’s approximation).  
The relationship between producer characteristics, farm structure, livestock operation 
attributes, and willingness to adopt WSG are examined using partial correlation analysis 
(Johnson and Wichern, 2002). The ceteris paribus relationship between farmer attributes and 1) 
the prior use of WSG, and 2) willingness to adopt WSG, given that the producer had not 
previously used WSG, are analyzed in the absence of any theoretical model or distributional 
assumptions in the partial correlation analysis. 
Results and Discussion 
Mean respondent age was 54.9, and respondent mean annual household income was $92,000. On 
average, respondents had 99 head of livestock on 141 pasture acres and harvested a total of 85 
acres of hay and corn silage. About 50% of surveyed producers had a college degree or 
equivalent. According to the 2017 U.S. Census of Agriculture, principal producers in Tennessee 
on average was 59.1 years old, had 73 head of livestock on 68 acres of pastureland, and had 43 
acres of land for hay, haylage, and grass silage (USDA NASS 2017). In 2017, Tennessee 
residents had a mean annual household income of $68,386, and 26.1% of Tennessee residents 
had a bachelor degree or higher (U.S. Census Bureau, 2017). Thus respondents had higher levels 
of educational attainment than the state’s general population. 
About 41% of the respondents already grazed livestock on WSG pasture, with 41% of 
these respondents using Bermuda grass. Like other management practices (e.g., cover crops; no-
till), the number of producers who adopted WSG increased gradually over time. From 2000 to 
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2017, the number of producers using WSG increased from 213 to 572 (Figure 4). The annual 
growth rate of number of producers who planted WSG was about 6%, although growth was more 
rapid over the past 10 years. The average length of time since the respondents adopted WSG was 
10 years. To examine adoption rates, five hypothetical cost-share were offered to respondents 
who did not currently use warm season grasses. The adoption rate decreased from 64% to 51% 
as the cost-share decreased from $165/ac to $25/ac (Figure 5). The cost-share level was 
calculated by $200 minus producer’s share of cost, and $200 is the estimated establishment cost 




On average, about 34% of respondents’ total household income was from farming and there were 
not significant difference in mean household annual income between Users and Nonusers and/or 
between Adopters and Nonadopters (Table 1). The remaining producer characteristics were 
statistically different between Users and Nonusers of WSG, or between Adopters and 
Nonadopters of WSG. Users were more likely to have a college degree (54% to 48%), higher 
total annual household income ($73,250 to $66,500), attend more Extension field days or 
workshops, and more frequently consult an Extension publication or website. Users and 
Nonusers were not significantly different in terms of age and expectation of passing farm to 
family member (Table 1). Adopters were younger (54 to 57), more likely to pass their farm to a 
family member (79% to 73%), and more confident that this survey would influence farm 
programs in Tennessee. Adopters and Nonadopters were not significantly different in terms of 
college degree, total annual household income, field days or Extension workshops attended, and 
times consulted Extension publication or website (Table 1).  
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Farm Structure Characteristics 
 
All respondents used similar stocking densities on their pasture and there is no statistically 
significant difference in means for Users and Nonusers, or between Adopters and Nonadopters 
(Table 2). On average, Users managed more livestock (129 to 95) and more pasture acres (172 to 
140), owned more pasture acres (130 to 98), and were more likely to purchase insurance for 
pasture, rangeland and forage (20% to 14%) than Nonusers. Adopters were also likely to have 
more livestock (102 to 86) than Nonadopters (Table 2). There were no other significant 
difference in the means for farm structure characteristics between Adopters and Nonadopters. 
Farm Management Practices 
 
About 76% of each of the respondent groups sprayed herbicides to control pasture weeds in 
2017. Hardly any respondents (< 1%) irrigated their pasture in 2017 (Table 3). Users rotated 
their cattle more frequently and were more likely to rotate cattle between pastures during 
summer (81% to 75%) and tested soil fertility (64% to 52%) more frequently than Nonusers 
(Table 3). Adopters were more likely to rotate cattle during summer (79% to 69%), more likely 
to apply fertilizer to their pasture (86% to 80%), and tested soil fertility (55% to 48%) more 
frequently than Nonadopters (Table 3). 
Supplemental Feed and Drought 
 
No statistically significant difference were found across the groups for most of the variables 
related to supplemental feed and drought. About 21% of all respondents reported they sold hay in 
2017. Virtually all respondents fed hay to livestock in 2017. During the fall and winter seasons, 
livestock were fed hay for 36 and 65 days, respectively. During the summer months, cattle were 
fed supplemental hay (on average) only two days (Figure 6). On average, 85 acres of hay were 
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cut and 317 bales of hay were used in 2017. The average weight of each bale was 1,002 pounds. 
Only 4% of the respondents harvested and used corn silage as supplemental feed in 2017. Most 
respondents fed livestock corn silage during the winter and spring months, and 22 tons of corn 
silage were used in 2017 (Figure 7). Only 3% of the respondents purchased corn silage, and no 
respondents sold corn silage in 2017 (Table 4). The most popular drinking water source of 
livestock were spring or rain fed ponds (42% of all water sources), and 15% of respondents 
reported using municipal water (Figure 8).  
Respondents reported adapting to severe or prolonged drought in the past by purchasing 
hay (55%), using supplemental water sources (39%), shipping livestock elsewhere for custom 
grazing (5%), or selling livestock (62%) (Table 4). In anticipation of a serious drought, 37% 
reported they would purchase hay to feed livestock, 51% would supplement their main water 
source with alternative sources, 11% would ship livestock for custom grazing elsewhere, and 
79% would sell livestock (Table 4).  
Users were less likely to cut hay (82% to 89%) and more likely to buy hay (41% to 32%) 
to supplement forage than Nonusers (Table 4). More Adopters than Nonadopters (65% to 54%) 
have previously sold livestock in response to a drought. Adopters are more likely to buy hay 
(41% to 33%) and sell livestock (82% to 76%) than Nonadopters in response to a serious drought 
in the future. In addition, Adopters tended to cut more acres of corn silage (2 to 0.6 acres) as 
supplemental feed than Nonadopters. Adopters tended to be more likely to agree that droughts 
are becoming more frequent or severe in their region, and that it was important to have a drought 
contingency plan for their livestock operation (Table 4). Users and Adopters agreed it was 
important to learn more about forage production and risk management than Nonusers and 




A series of question pertaining to the expected or realized effects of managing pasture with WSG 
species were asked separately to Users and Nonusers. Users were asked “how has your livestock 
operation changed as a result of grazing on a WSG”. Responses to these questions are 
summarized in Figure 9. Nonusers were asked “if you were to plant some of your existing 
pasture in WSG, how do you think each of the following aspects of your livestock operation 
would change”. Responses to these questions are summarized in Figure 10. Figure 11 combined 
responses from both Users and Nonusers and for each question, the upper bar chart indicates 
responses from Users and the lower bar chart indicates responses from Nonusers. Between 50% 
and 60% of Users believed that WSG increased pasture productivity during dry periods and 
overall improved forage quality and livestock health and nutrition, and increased flexibility in 
terms of pasture management and grazing (Figure 9). Slightly higher percentage (50% to 70%) 
of Nonusers believe that adoption of WSG would have these effects on their operation.  
A majority of Users believed that adoption of WSG did not change the amount of 
fertilizer they applied to their pastures, the number of watering sources used, their management 
burden, the number of days on stored feed during winter or the extent of soil erosion. On the 
other hand, the only aspect of their operation that a majority of Nonusers believe would not 
change because WSG adoption was the number of watering sources used. More Nonusers 
believed that adoption of WSG would increase overall pasture productivity, pasture productivity 
during dry periods, forage quality, livestock health and nutrition, as well as fertilizer applied to 
pasture and management burden. About 4% to 12% of Users indicated that they don’t know 
whether their livestock operation changed because of using WSG (Figure 9). About 14%-22% of 
Nonusers indicated that they don’t know how their livestock operation would change if they used 
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WSG, which is much higher than the percentage that Users (4% to 12%) indicated they don’t 
know how their livestock operation have changed because of using WSG. This is understandable 
that Users answered according to their previous experience with managing WSG pastures, while 
Nonusers answered according to their expectations, which contained more uncertainties because 
their lack of experience with WSG.  
During the past 10 years, Users and Adopters converted or completely renovated pastures 
by eliminating existing cover and establishing a new forage more frequently than Nonusers and 
Nonadopters. Nonusers were somewhat concerned about the time and effort required to establish 
warm season grasses (Table 5). Adopters were more likely to believe that using WSG would 
increase pasture productivity, forage quality, livestock health and nutrition, operation flexibility, 
stocking density as well as numbers of pasture or paddocks used for grazing and rotation 
frequency than Nonadopters (Table 5).   
Partial Correlation Analysis 
 
The results of partial correlation analysis are presented in Table 6. For Users, holding 
other producer characteristics variables constant, college degree, total income, the percentage of 
income from farming, and field days or Extension workshops attended were positively correlated 
with current use of WSG. Confidence that the survey would influence Tennessee farm policy 
was negatively correlated with current use of WSG. In other words, producers who had a college 
degree, reported higher total household income, depended more on farm receipts for income, and 
were less confident about this survey’s relevance were more likely to be early users of WSG . 
Holding farm business and operation variables constant, producers owning relatively more 
pasture acres and who purchased pasture insurance were more likely use WSG. Holding farm 
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management variables constant, producers who rotated livestock more frequently and tested 
pasture soil fertility were also more likely to be current users of WSG. 
For Nonusers, holding other producer characteristic constant, age was negatively 
correlated with the willingness to adopt WSG. Respondents who expected to pass on the 
operation to a family member were more likely to be willing to adopt WSG (Table 6). The other 
producer characteristics were uncorrelated with the willingness to adopt WSG. None of the farm 
structure variables were correlated with the willingness to adopt WSG adoption. Holding other 
farm management variables constant, producers who fertilized their pasture were more likely to 
be willing to adopt WSG (Table 6). The other variables were uncorrelated with willingness to 
adopt WSG. Holding the other WSG attributes variables constant, producers who believed that 
adopting WSG would increase forage quality, livestock health and nutrition, flexibility in 
managing pasture and grazing, and timed of converted or renovated pasture were more likely to 
be willing to adopt WSG. Holding other supplement food and drought variables constant, 
producers who sold livestock in response to a drought were more likely to be willing to adopt 
WSG.  
A probit regression was also conducted to explore what factors influence current use of 
WSG. The variable descriptions and means, and estimate results are reported in Tables 7 and 8. 
Since the results are similar to the results in the partial correlation analysis, no further discussion 
is needed here. 
Conclusion 
According to the survey results, about 41% of respondents already used WSG and Bermuda 
grass is their first choice. The number of producers planting WSG have increased more rapidly 
during the past 10 years. There are statistically significant difference between Users and 
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Nonusers, as well as between Adopters and Nonadopters. Users reported that using WSG has 
helped improve their livestock operations and Nonusers also reported that they have positive 
perceptions about WSG to help them manage pasture better. When a drought happened, sell 
livestock, purchase hay and supplement water sources are three top choices of producers. 
Incentives has influence on producers’ willingness to adopt WSG, along with other factors such 
as age, fertilizer management and times converted pasture.   
 Some simple comparison analysis in terms of the differences between different 
respondents was conducted in this chapter. The results revealed that Tennessee beef cattle 
producers are interested in planting WSG and their willingness to adopt WSG are influenced by 
factors include incentives, producer and farm characteristics. These relationships need to be more 
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Table 1. Means Comparison of Producer Characteristics between WSG Users and Nonusers and between WSG Adopters and 
Nonadopters 
Producer characteristics WSG User 
Nonuser 
Total WSG Adopter Nonadopter 
Age (years) 54.82 (0.58) 55.13 (0.45) 53.97b (0.58) 56.70b (0.69) 
N 536 865 497 368 
College degree (1=yes) 0.54a (0.02) 0.48a (0.02) 0.49 (0.02) 0.45 (0.03) 
N 536 865 497 368 
Total annual household income (1= < $25,000; 2=$25,001 to 
$50,000; 3=$50,001 to $75,000; 4=$75,001 to $100,000; 
5=$100,001 to $140,000; 6=$140,001 to $200,000; 7= > 
$200,000) 
3.93a (0.08) 3.66a (0.06) 3.73 (0.08) 3.55 (0.10) 
N 501 792 471 321 
Percentage of income from farming (1= < 20%; 2=20-40%; 
3=41-60%; 4=61-80%. 5= > 80%) 
1.84 (0.05) 1.71 (0.04) 1.74 (0.05) 1.67 (0.06) 
N 523 828 486 342 
Expect to pass on farm to family member when retired (1=yes) 0.76 (0.02) 0.76 (0.01) 0.79b (0.02) 0.73b (0.02) 
N 536 868 499 369 
Field days or Extension workshops attended in 2017 (1=zero; 
2=One or two times; 3=Three or four times; 4=Five or six 
times; 5=Seven or more times) 
2.36a (0.05) 2.14a (0.04) 2.20 (0.05) 2.06 (0.06) 
N 530 851 492 359 
Times consulted an Extension publication or website in 2017 
(1=zero; 2=One or two times; 3=Three or four times; 4=Five 
or six times; 5=Seven or more times) 
3.11a (0.06) 2.88a (0.05) 2.91 (0.06) 2.83 (0.08) 
N 532 852 492 360 
Confident that survey results will influence farm programs in 
Tennessee (1=Not confident; 2=Somewhat confident; 3=Very 
confident) 
1.97a (0.02) 2.04a (0.02) 2.07b (0.02) 1.99b (0.03) 
N 534 865 498 367 
25 
Notes: standard errors in parentheses. a =mean of Users different from mean of Nonusers at 5% level. b =mean of Adopters 
different from mean of Nonadopters at 5% level. n=number of observations.  
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Table 2. Means Comparison of Farm Structure Characteristics between WSG Users and Nonusers and between WSG 
Adopters and Nonadopters 
Farm structure characteristics WSG User 
Nonuser 
Total WSG Adopter Nonadopter 
Number of total livestock (head) 129.36a (7.13) 95.02a (3.53) 102.28b (5.50) 86.09b (3.99) 
N 650 956 527 429 
Animal unit (number) 100.55a (5.30) 79.22a (2.82) 84.74b (4.34) 72.35b (3.27) 
N 645 941 522 419 
Total pasture acres (acres) 171.90a (8.09) 139.91a (5.09) 146.18 (7.19) 132.21 (7.13) 
N 650 956 527 429 
Owned acres (acres) 130.07a (6.69) 98.43a (3.79) 103.14 (5.44) 92.64 (5.16) 
N 650 956 527 429 
Purchased pasture, Rangeland and Forage insurance (1=yes) 0.20a (0.02) 0.14a (0.01) 0.15 (0.02) 0.12 (0.02) 
N 535 864 498 366 
Stocking density (number) 0.68 (0.02) 1.12 (0.23) 1.01 (0.31) 1.25 (0.35) 
N 606 914 518 396 
Notes: standard errors in parentheses. a =mean of Users different from mean of Nonusers at 5% level. b =mean of Adopters 
different from mean of Nonadopters at 5% level. n=number of observations.  
Animal units=1*brood cows + 0.8*beef replacement heifers + 0.6*un-weaned calves + 0.6*(stockers/backgrounded calves) + 
1.35*bulls (herd sires) + 0.8*dairy replacement heifers + 0.92*dairy cows + 0.15*goats + 0.2*sheep. 





Table 3. Means Comparison of Farm Management Practices between WSG Users and Nonusers and between WSG Adopters 
and Nonadopters 
Farm management practices WSG User 
Nonuser 
Total WSG Adopter Nonadopter 
Rotate livestock between pastures during summer 
(1=yes) 
0.81a (0.02) 0.75a (0.01) 0.79b (0.02) 0.69b (0.02) 
N 650 955 527 428 
Rotation frequency (1=Less than once per month; 
2=One or two times per month; 3=Three or four 
times per month; 4=More than once a week) 
2.15a (0.04) 2.00a (0.03) 2.04 (0.05) 1.95 (0.05) 
N 529 713 418 295 
Used fertilizer management in 2017 (1=yes) 0.87 (0.01) 0.84 (0.01) 0.86b (0.02) 0.80b (0.02) 
N 533 861 490 371 
Tested soil in 2017 (1=yes) 0.64a (0.02) 0.52a (0.02) 0.55b (0.02) 0.48b (0.03) 
N 551 890 508 382 
Sprayed to control weeds in 2017 (1=yes) 0.76 (0.02) 0.76 (0.01) 0.76 (0.02) 0.75 (0.02) 
N 551 890 508 382 
Irrigated pasture in 2017 (1=yes) 0.01 (0.01) 0.01 (0.01) 0.01 (0.00) 0.01 (0.01) 
N 551 890 508 382 
Notes: standard errors in parentheses. a =mean of Users different from mean of Nonusers at 5% level. b =mean of Adopters 







Table 4. Means Comparison of Supplemental Feed and Drought between WSG Users and Nonusers and between WSG 
Adopters and Nonadopters 
Supplemental feed and drought WSG User 
Nonuser 
Total WSG Adopter Nonadopter 
Cut hay in 2017 (1=yes) 0.82a (0.02) 0.89a (0.01) 0.90 (0.01) 0.87 (0.02) 
N 551 892 510 382 
Acres of hay cut in 2017 (acres) 89.81 (6.62) 81.51 (3.17) 85.81 (4.41) 75.78 (4.50) 
N 549 889 508 381 
Sold hay in 2017 (1=yes) 0.21 (0.02) 0.21 (0.01) 0.20 (0.02) 0.22 (0.02) 
N 549 890 509 381 
Bought hay in 2017 (1=yes) 0.41a (0.02) 0.32a (0.02) 0.32 (0.02) 0.31 (0.02) 
N 548 889 508 381 
Fed hay in 2017 (1=yes)  0.99 (0.00) 1.00 (0.00) 1.00 (0.00) 1.00 (0.00) 
N 551 891 509 382 
% of days on hay during summer of 2017 0.01 (0.00) 0.01 (0.00) 0.01 (0.00) 0.01 (0.00) 
N 530 858 493 365 
Bales of fed hay in 2017 (bales) 326.73 (17.05) 310.62 (12.45) 325.24 (18.47) 290.45 (15.08) 
N 526 845 490 355 
Average weight of bales fed in 2017 (pounds) 1011.92 (15.38) 995.75 (13.40) 992.68 (16.37) 1000.03 (22.55) 
N 520 825 480 345 
Harvested corn silage in 2017 (1=yes) 0.04 (0.01) 0.04 (0.01) 0.05 (0.01) 0.03 (0.01) 
N 543 883 503 380 
Acres of corn silage harvested in 2017 (acres) 1.33 (0.36) 1.46 (0.34) 2.09b (0.56) 0.64b (0.29) 
N 543 882 503 379 
Sold corn silage in 2017 (1=yes) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 
N 543 883 503 390 
Bought corn silage in 2017 (1=yes) 0.02 (0.01) 0.03 (0.01) 0.04 (0.01) 0.02 (0.01) 
N 543 882 502 380 
Fed corn silage in 2017 (1=yes) 0.04 (0.01) 0.04 (0.01) 0.05 (0.01) 0.02 (0.01) 
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Table 4. Continued. 
 
Supplemental feed and drought WSG User 
Nonuser 
Total WSG Adopter Nonadopter 
N 531 857 485 372 
% of municipal water for livestock drinking 15.61 (1.23) 14.69 (0.97) 13.74 (1.27) 15.94 (1.49) 
N 541 885 505 380 
Action taken-bought hay to feed livestock (1=yes) 0.56 (0.02) 0.54 (0.02) 0.56 (0.02) 0.52 (0.03) 
N 516 852 491 361 
Action taken-supplemented water source (1=yes) 0.42 (0.02) 0.37 (0.02) 0.37 (0.02) 0.37 (0.03) 
N 477 804 460 344 
Action taken-shipped livestock for custom grazing 
elsewhere (1=yes) 
0.05 (0.01) 0.06 (0.01) 0.06 (0.01) 0.05 (0.01) 
N 464 781 449 332 
Action taken-Sold livestock (1=yes) 0.64 (0.02) 0.60 (0.02) 0.65b (0.02) 0.54b (0.03) 
N 512 838 480 358 
Would do-buy hay to feed livestock (1=very/somewhat 
likely) 
0.37 (0.02) 0.37 (0.02) 0.41b (0.02) 0.33b (0.02) 
N 534 863 497 362 
Would do-supplement water source (1=very/somewhat 
likely) 
0.54 (0.02) 0.50 (0.02) 0.51 (0.02) 0.50 (0.03) 
N 517 844 485 359 
Would do-ship livestock for custom grazing elsewhere 
(1=very/somewhat likely) 
0.12 (0.01) 0.10 (0.01) 0.12 (0.01) 0.08 (0.01) 
N 505 837 483 354 
Would do-sell livestock (1=very/somewhat likely) 0.79 (0.02) 0.79 (0.01) 0.82b (0.02) 0.76b (0.02) 
N 520 862 494 368 
I need to learn more about forage production to stay in 
business (1=Strongly disagree; 2=Disagree; 3=neutral; 
4=Agree; 5=Strongly agree.) 
3.70a (0.04) 3.53a (0.03) 3.66b (0.04) 3.35b (0.05) 
N 536 868 500 368 
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Table 4. Continued. 
Supplemental feed and drought WSG User 
Nonuser   
Total WSG Adopter Nonadopter 
I need to learn more about risk management strategies to 
stay in business (1=Strongly disagree; 2=Disagree; 
3=neutral; 4=Agree; 5=Strongly agree.) 
3.58a (0.04) 3.44a (0.03) 3.55b (0.04) 3.30b (0.05) 
N 536 866 501 365 
Droughts are becoming more frequent or severe in my 
region of the state (1=Strongly disagree; 2=Disagree; 
3=neutral; 4=Agree; 5=Strongly agree.) 
3.19 (0.04) 3.22 (0.03) 3.29b (0.04) 3.14b (0.05) 
N 535 866 499 367 
Having a drought contingency plan is critical for the 
long-term survival of Tennessee livestock operations 
(1=Strongly disagree; 2=Disagree; 3=neutral; 4=Agree; 
5=Strongly agree.) 
4.01 (0.03) 3.93 (0.03) 3.99b (0.04) 3.86b (0.04) 
N 535 865 497 368 
Notes: standard errors in parentheses. a =mean of Users different from mean of Nonusers at 5% level. b =mean of Adopters different 










Table 5. WSG Attributes 
WSG attributes WSG User 
Nonuser 
Total WSG Adopter Nonadopter 
Time and effort of planting WSG (1=Not that all concerned; 
2=Somewhat concerned; 3=Very concerned) 
1.90 (0.71) 
   
N 431 
   
Difficulties of planting WSG (1=Not that all concerned; 
2=Somewhat concerned; 3=Very concerned) 
1.72 (0.60) 
   
N 520 
   
Times converted or renovated pasture (1=None; 2=Once; 3=Two or 
three times; 4=Four or more times) 
1.76a (0.04) 1.50a (0.03) 1.56b (0.04) 1.43b (0.04) 
N 542 880 501 379 
Time and effort concern of adoption (1=None; 2=Once; 3=Two or 
three times; 4=Four or more times) 
 
2.15 (0.64) 2.15 (0.03) 2.15 (0.04) 
N 
 
917 522 395 
Would change-pasture productivity (1=increase) 
 
0.78 (0.42) 0.83b (0.02) 0.71b (0.02) 
N 
 
855 497 358 
Would change-forage quality &livestock health & nutrition 
(1=increase) 
 
0.75 (0.43) 0.82b (0.02) 0.65b (0.03) 
N 
 
845 496 349 
Would change-stocking density (1=increase) 
 
0.4 (0.49) 0.43b (0.02) 0.34b (0.03) 
N 
 
846 492 354 
Would change-number of days on stored feed (1=increase) 
 
0.2 (0.4) 0.20 (0.02) 0.19 (0.02) 
N 
 
842 488 354 
Would change-flexibility in managing pasture and grazing 
(1=increase) 
 
0.54 (0.5) 0.64b (0.02) 0.41b (0.03) 
N 
 
843 491 352 
Would change-number of pasture or paddocks used for grazing and 
rotate frequency (1=increase) 
 
0.43 (0.5) 0.50b (0.02) 0.34b (0.03) 
N 
 
845 493 352 
 
32 
Table 5. Continued. 
WSG attributes WSG User 
Nonuser 
Total WSG Adopter Nonadopter 
Would change-number of water sources used (1=increase)  0.15 (0.35) 0.14 (0.02) 0.15 (0.02) 
N 
 
850 494 356 
Would change-management burden (1=increase) 
 
0.35 (0.48) 0.36 (0.02) 0.25 (0.030 
N 
 
848 492 356 
Would change-fertilizer applied to pasture (1=increase)  0.38 (0.49) 0.39 (0.02) 0.37 (0.03) 
N   847 491 356 
Notes: standard errors in parentheses. a =mean of Users different from mean of Nonusers at 5% level. b =mean of Adopters 
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Table 6. Partial Correlation Analysis of Farm and Farmer Characteristics with Current 
Use of WGS and An Expressed Willingness to Adopt WSG 
Variable Use WSG Adoption 
Producer characteristic 
  
    Age -0.02 -0.07** 
    College degree (1=yes) 0.05* 0.05 
    Total annual household income (1= < $25,000; 2=$25,001 to 
$50,000; 3=$50,001 to $75,000; 4=$75,001 to $100,000; 
5=$100,001 to $140,000; 6=$140,001 to $200,000; 7= > $200,000) 
0.06** 0.02 
    Percentage of income from farming (1= < 20%; 2=20-40%; 3=41-
60%; 4=61-80%. 5= > 80%) 
0.05* 0.04 
    Expect to pass on farm to family member when retired (1=yes) -0.01 0.07* 
    Field days or Extension workshops attended in 2017 (1=zero; 
2=One or two times; 3=Three or four times; 4=Five or six times; 
5=Seven or more times) 
0.09** 0.02 
    Confident that survey results will influence farm programs in 
Tennessee (1=Not confident; 2=Somewhat confident; 3=Very 
confident) 
-0.08* 0.05 
    N  1269     777 
Farm structure 
  
    Purchased pasture insurance (1=yes) 0.05** 0.03 
    Total pasture acres (acres) -0.02 -0.01 
    Total pasture acres owned (acres) 0.07*** 0.03 
    Stocking density (number) -0.01 -0.03 
    N  1369     843 
Farm management practices 
  
    Rotate frequency (1=Less than once per month; 2=One or two 
times per month; 3=Three or four times per month; 4=More than 
once a week) 
0.08* 0.04 
    Used fertilizer management in 2017 (1=yes) 0.05 0.07* 
    Tested soil in 2017 (1=yes) 0.09*** 0.02 
    Sprayed to control weeds in 2017 (1=yes) -0.01 0.01 
    N  1090     646 
WSG attributes 
  
    Would change-pasture productivity (1=increase) 
 
0.01 








    Would change-number of water sources used (1=increase) 
 
-0.03 
    Would change-management burden (1=increase) 
 
-0.03 
    Time and effort concern of adoption (1=Not that all concerned; 
2=Somewhat concerned; 3=Very concerned) 
 
0.01 
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Table 6. Continued. 
Variable Use WSG Adoption 
    Times converted or renovated pasture (1=Not that all concerned; 
2=Somewhat concerned; 3=Very concerned) 
 0.06* 
    N       812 
Supplement food and drought 
  
    % of municipal water for livestock drinking 
 
-0.05 
    % of days on hay during summer of 2017 
 
0.05 
    Action taken-bought hay to feed livestock (1=yes) 
 
0.02 
    Action taken-supplemented water source (1=yes) 
 
-0.02 
    Action taken-shipped livestock for custom grazing elsewhere 
(1=yes) 
 0 
    Action taken-Sold livestock (1=yes)  0.09** 
    N       749 
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Table 7. Variable Descriptions and Means for the Current Use of WSG Models 
Variable Name Definition Mean (Std. Error) 
ss Survey distribution (1=email) 0.764 
(0.425) 
age Age (years) 54.403 
(13.280) 
coll College degree (1=yes) 0.525 
(0.500) 




atte Field days or Extension workshops attended in 2017 
(1=zero; 2=One or two times; 3=Three or four times; 
4=Five or six times; 5=Seven or more times) 
2.323 
(1.149) 
confs Confidence of survey influence (1=Not confident; 
2=Somewhat confident; 3=Very confident) 
2.033 
(0.538) 
tinc Total annual household income (1= < $25,000; 
2=$25,001 to $50,000; 3=$50,001 to $75,000; 
4=$75,001 to $100,000; 5=$100,001 to $140,000; 
6=$140,001 to $200,000; 7= > $200,000) 
3.851 
(1.842) 
fainc % of income from farming (1= < 20%; 2=20-40%; 
3=41-60%; 4=61-80%. 5= > 80%) 
1.725 
(1.130) 
pins Purchased pasture insurance (1=yes) 0.172 
(0.378) 
acret Total pasture acres (acres) 159.360 
(175.521) 
stod Stocking density (number) 0.674 
(0.502) 
rotsfr Rotate frequency (1=Less than once per month; 2=One 
or two times per month; 3=Three or four times per 
month; 4=More than once a week) 
2.094 
(0.919) 
ferm Used fertilizer management (1=yes) 0.867 
(0.340) 
ts Tested soil in 2017 (1=yes) 0.632 
(0.483) 
scw Sprayed to control weeds in 2017 (1=yes) 0.772 
(0.420) 
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Table 8. Parameter Estimates and Marginal Effects for Current of WSG Models 
  Estimates Marginal Effects 
Survey distribution (1=email) 0.7724*** 0.2757*** 
(0.000) 
Age (years) -0.0030 -0.0011 
(0.362) 
College degree (1=yes) -0.0056 -0.0020 
(0.950) 




Field days or Extension workshops attended in 2017 
(1=zero; 2=One or two times; 3=Three or four times; 
4=Five or six times; 5=Seven or more times) 
0.1265*** 0.0451*** 
(0.001) 
Confidence of survey influence (1=Not confident; 
2=Somewhat confident; 3=Very confident) 
-0.1194 -0.0423 
(0.144) 
Total annual household income (1= < $25,000; 
2=$25,001 to $50,000; 3=$50,001 to $75,000; 
4=$75,001 to $100,000; 5=$100,001 to $140,000; 
6=$140,001 to $200,000; 7= > $200,000) 
0.0128 0.0046 
(0.603) 
% of income from farming (1= < 20%; 2=20-40%; 
3=41-60%; 4=61-80%. 5= > 80%) 
0.0395 0.0141 
(0.319) 
Purchased pasture insurance (1=yes) 0.0488 0.0174 
(0.678) 
Total pasture acres (acres) 0.0006** 0.0002** 
(0.032) 
Stocking density (number) 0.0972 0.0347 
(0.304) 
Rotate frequency (1=Less than once per month; 
2=One or two times per month; 3=Three or four 
times per month; 4=More than once a week) 
0.1574*** 0.0562*** 
(0.001) 
Used fertilizer management in 2017 (1=yes) 0.2252 0.0804 
(0.103) 
Tested soil in 2017 (1=yes) 0.1584* 0.0565* 
(0.091) 
Sprayed to control weeds in 2017 (1=yes) -0.0883 -0.0315 
(0.400) 
Constant -1.5461***   
N 953  
Chi-squared 94  
Log pseudo likelihood  -595   
* p < 0.1, ** p < 0.05, *** p < 0.01 
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Figure 2. Survey Frame  
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Figure 3. Respondent Groups 
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Figure 9. Respondent Perceptions about How Livestock Operations Changed after 
Adopting WSG  
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Figure 10. Respondent Perceptions about How Livestock Operations Would Change If 
Adopted WSG 
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Figure 11. Respondent Perceptions about How Livestock Operations Changed or Would 
Change after Adopting WSG 
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Tennessee Beef Cattle Producer Survey 
 
Dear          , 
 
Researchers at the UT Institute of Agriculture are looking into the use of warm season grasses to 
extend the grazing season for livestock and improve the profitability of livestock operations in 
Tennessee. As part of this research project, we are asking you and other Tennessee livestock 
producers to provide your views. 
 
This should take no more than 10 minutes of your time. Your participation is voluntary. Your 
responses will be kept confidential. Data will be stored securely and made available only to 
researchers conducting the study. No reference will be made in any reports that could link you to 
your responses. You may decline to participate without penalty. If you do participate, you may 
withdraw at any time. If you choose to withdraw before data collection is complete, your data 
will be deleted. 
 
If you have questions about your rights as a participant, contact the UT Institutional Review 
Board Staff at utkirb@utk.edu or 865-974-7697. Contact me if you have any other questions 
about the study. 
Thank you for taking time out of your busy schedule to help us!  
Dr. Andrew Griffith 
Livestock Specialist, Department of Agricultural & Resource Economics 865-974-7231 
CONSENT: Completion of this survey implies your consent to participate.  
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LIVESTOCK AND FORAGE PRODUCTION 
Q1. Did you graze livestock in 2017? [If No, go to the end of the survey]    
Yes No 
  
 Q2. How many head of livestock did you have on hand on August 1, 2017? 
 Head 
Brood Cows  
Beef Replacement Heifers  
Un-weaned Calves  
Stockers/Backgrounded Calves  
Bulls (herd sires)  
Dairy Replacement Heifers  
Dairy Cows  
Goats  
Sheep  
Other:   
 
Q3. Do you rotate livestock between pastures or paddocks during the summer? [If No, go to Q5]    
Yes No 
  
Q4. How often do you usually rotate livestock during the summer? 
   Less than once per month  
  One or two times per month 
   Three or four times per month  
  More than once a week 
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Q5. What forages did you graze livestock on in 2017? (Check all that apply)  
   Cool-season perennial grasses (such as tall fescue or orchard grass) not inter-seeded with 
anything 
   Cool-season perennial grasses inter-seeded with cool-season annual grasses (such as cereal 
rye, wheat or annual ryegrass) 
   Cool-season perennial grasses inter-seeded with clover or other legumes 
   Warm-season grasses such as Bermuda grass, crab grass, or native grasses (switchgrass, big 
bluestem, etc.) not inter-seeded with anything 
   Warm-season grasses inter-seeded with cool-season annual grasses 
    Cool-season annual grasses not inter-seeded with 
anything 
   Clover or other legumes not inter-seeded with anything  
    Other: 
Q6. On how many acres of these forages did you graze livestock in 2017? [If answers don’t 
include warm-season grasses, go to Q12]    
 Acres Owned Acres Rented 
Cool-season perennial grasses 
not inter-seeded with 
anything 
  
Cool-season perennial grasses 
inter-seeded with cool-season 
annuals 
  
Cool-season perennial grasses 
inter-seeded with clover or 
other legumes 
  
Warm-season grasses not 
inter-seeded with anything 
  
Warm-season grasses inter- 
seeded with cool-season 
annual grasses 
  
Cool-season annual grasses 
not inter-seeded with 
anything 
  
Clovers or other legumes not 
inter-seeded with anything 
  
Other:    
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WARM-SEASON GRASS GROWERS 
Q7. What warm season grasses did you graze livestock on in 2017? (Check all that apply) 
   Bermuda 
   An annual such as Pearl Millet, Foxtail Millet, sorghum, or sudangrass 
   A native such as switchgrass, indiangrass, big bluestem, little bluestem, and eastern 
gamagrass  
  Other:  
Q8. What year did you first start grazing livestock on a warm-season grass?  
2000 or earlier  2001  2002  2003  2004  2005  2006  2007  2008   
2009  2010  2011  2012  2013  2014  2015  2016  2017 
Q9. How has your livestock operation changed as a result of grazing on a warm-season grass? 
                                                                  Increased     No Change     Decreased     Don't Know 
Pasture productivity during dry periods 
Pasture productivity overall                                                                                                                                                          
Forage quality                                                                                                                                                                         
Livestock health & nutrition                                                                                                                                                      
Stocking density                                                                                                                                                                        
Number of days on stored 
feed (hay, silage, etc.) during  
summer                                                                                   
Number of days on stored feed during  
winter 
Flexibility in managing pasture and  
grazing 
Frequency of rotating livestock among 
pastures or paddocks  
Number of watering sources used 
Management burden                                                                                                                                                                      
Fertilizer applied to pasture                                                                                                                                                           
Soil erosion                                                                                                                                                                                 
Other:                                                                              
 52  
Q10. In deciding whether to plant a warm season grass, how concerned were you about the time 
and effort needed to establish a warm season grass and the loss of forage production during 
establishment? 
   Not at all concerned  
  Somewhat concerned 
  Very concerned 
I did not plant a warm season grass 
Q11. Which of the following best describes your experience with establishing a warm season 
grass? 
No difficulties                           Some difficulties                           A lot of difficulties 
   
 
CHOICE QUESTION 
Since cool-season grass growth slows during the summer, livestock producers could plant warm-
season grasses to increase forage production and limit over-grazing during the summer. 
 
Suppose there was a voluntary cost-share program for planting warm-season grasses. To qualify 
for the program, livestock producers would have to: (1) Plant a warm-season grass; (2) 
Document the number of acres planted, along with seeding rate and planting date; and (3) Collect 
and use data from soil tests to manage fertilizer applications. 
Q12. Would you participate in this program if your share of the costs of planting a warm-season 
grass was $xx per acre? (xx=35, 70, 105, 140, 175) ? [If No, go to Q14]    
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   No, I would not participate 
   Yes, I would participate and plant a warm-season grass 
Q13. How many acres of warm-season grass would you plant?  
Acres 
 
CHOICE QUESTIONS FOLLOW UP 
Q14. In deciding whether to participate in the program and plant a warm season grass, how 
concerned were you about the time and effort needed to establish a warm season grass and the 
loss of forage production during establishment? 
Not at all concerned                       Somewhat concerned                          Very concerned 
   
Q15. If you were to plant some of your existing pasture in warm-season grass, how do you think 
each of the following aspects of your livestock operation would change? 
Increase        No Change       Decrease       Don't Know 
Pasture productivity during dry periods 
Pasture productivity overall                                                                                                                                                            
Forage quality                                                                                                                                                                        
Livestock health & nutrition                                                                                                                                                     
Stocking density                                                                                                                                                                      
Number of days on stored feed (hay, 
silage, etc.) during summer                                                                                 
Number of days on stored feed during  
winter 
Flexibility in managing pasture and  
grazing 
Number of pasture or paddocks used for  
grazing 
Frequency of rotating livestock among 
pastures or paddocks                                                                                 
Number of water sources used 
Management burden                                                                                                                                                                   
Fertilizer applied to pasture                                                                                                                                                   
Other: 
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SUPPLEMENTAL FEED AND DROUGHT 
Q16. Which of the following practices did you use to manage your pasture in 2017? 
Used                                                  Did Not Use 
Applied chemical fertilizer 
Applied poultry litter                                                                                          
Applied lime                                                                                                                  
Tested soil 
Sprayed to control weeds 
Irrigated pasture   
Q17. Did you cut hay in 2017? [If No, go to Q20]    
Yes No 
  
Q18. How much hay did you cut in 2017? 
Acres 
Q19. Did you sell hay in 2017? 
Yes No 
  
Q20. Did you buy hay to feed your livestock in 2017? [If Yes, go to Q22]    
Yes No 
  
Q21. Did you feed hay to your livestock in 2017? [If No, go to Q25]    
Yes No 
  
Q22. About how many days were your cattle on hay during the following time periods in 2017? 





Q23. How many bales of hay did you feed your livestock in 2017? 
Bales 
Q24. What was the average weight of the bales fed? 
Pound 
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Q25. Did you harvest corn silage in 2017? [If No, go to Q28]    
Yes No 
  
Q26. How much corn silage did you harvest in 2017? 
Acres 
Q27. Did you sell corn silage in 2017? 
Yes No 
  
Q28. Did you buy corn silage to feed your livestock in 2017? [If Yes, go to Q30]    
Yes No 
  
Q29. Did you feed corn silage to your livestock in 2017? [If No, go to Q32]    
Yes No 
  
Q30. What months did you feed corn silage to your livestock during 2017? (Check all that apply) 
 
  January   July 
  February   August 
  March   September 
  April   October 
  May   November 
  June   December 
Q31. How much corn silage did you feed your livestock in 2017? 
Tons 
Q32. How many times during the past 10 years have you converted or completely renovated a 
pasture by eliminating all existing cover and establishing a new forage? 
   None  
  Once 
   Two or three times  
  Four or more times
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Q33. What percentage of the drinking water for your livestock comes from the following 
sources? (Must sum to 100%) 
 
 Percent 
Rain-fed pond  
Spring-fed pond  
River/stream  
Well  
Municipal water  
Other:  
Total 
Q34. Which of the following actions have you taken in response to a drought? 
Have Taken                       Have Not Taken  
Bought hay to feed livestock                                                                      
Supplemented water source            
Shipped livestock for custom grazing elsewhere 
Sold calves earlier than usual 
Sold less than 50% of mature livestock 
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Q35. If you were to experience a significant drought in 2018, how likely would you be to do the 
following? 
                                                       Not Likely   Somewhat Likely   Very Likely   Don't Know  
Buy hay to feed livestock                                                                                                                                                                             
Supplement water source                                                                           
Ship livestock for custom grazing  
elsewhere 
Sell calves earlier than usual 
Sell less than 50% of mature  
livestock 








Disagree Neutral Agree Strongly 
Agree 
I need to learn more about forage 
production to stay in business. 
 
     
I need to learn more about risk 
management strategies to stay in 
business. 
 
     
Droughts are becoming more frequent 
and severe in my regions of the state.  
 
     
Having a drought contingency plan is 
critical for the long-term survival of 
Tennessee livestock operations.  
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GENERAL 
Q37. Do you plan to pass on your farming operation to a family member after you retire? 
Yes No 
  
Q38. In what year were you born? 
Year 
Q39. Do you have a college degree (BS, BA, or equivalent)? 
Yes No 
  
Q40. How many field days or Extension workshops did you attend in 2017? 
 0 time  1 or 2 times  3 or 4 times  5 or 6 times  7 or more times  
Q41. How many times did you consult an Extension publication or website in 2017? 
 0 time  1 or 2 times  3 or 4 times  5 or 6 times  7 or more times  
Q42. Have you ever purchased Pasture, Rangeland and Forage insurance? 
Yes No 
  
Q43. How confident are you that the results of this survey will influence farm programs in 
Tennessee? 
Not Confident                           Somewhat Confident                           Very Confident 
   
Q44. Which of the following reflects your total taxable farm and non-farm household income for 
2017? 
   Less than $25,000  
  $25,001 to $50,000  
  $50,001 to $75,000  
  $75,001 to $100,000 
   $100,001 to $140,000  
  $140,001 to $200,000 
More than $200,000 
Q45. What percentage of your 2017 household income was from farming?  
         Less than 20%               20-40%               41-60%               61-80%               More than 80% 
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Q46. Do you have any additional comments you would like to share with us? 
 
--------------------END OF SURVEY------------------- 
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CHAPTER II TENNESSEE BEEF CATTLE PRODUCER WILLINGNESS 






























Supplementing cool-season pastures with warm-season grasses (WSG) in the 
Southeastern U.S. can increase pasture forage productivity and reduce supplemental feed costs. 
This research uses data from an online survey of Tennessee beef cattle producers to explore 
producer willingness-to-adopt WSG. A hypothetical choice experiment that offered producers a 
cost share incentive to enroll pasture acres into a WSG establishment and management program 
was used to elicit producer willingness-to-adopt. Control variables include operator attributes, 
farm business variables, current pasture management practices, and contact with 
Extension/outreach service. About 55% of participants in the choice experiment were willing to 
adopt WSG, given a cost share incentive. The estimated elasticity of adoption rate with respect to 
the monetary incentive is 0.001. On average, these producers who were willing to accept the 












The Fescue Belt is an area in the eastern United States extending from Arkansas and Missouri 
eastward through the Carolinas and Virginia in which tall fescue (Schedonorus arundinaceus 
(Schreb.) Dumort) is the dominant forage species. Tall fescue is a cool-season perennial species 
of bunchgrass native to Europe that has come to dominate forage production in the Fescue Belt 
because of its adaptability, ease of establishment, and persistence under adverse conditions 
(USDA 2018; Wolf et al., 1979; Stuedemann and Hoveland, 1988). More generally, tall fescue 
has been established on 86 millions of hectares in the southeastern United States making it the 
most widely used cool-season grass CSG in the region (Barnes et al., 2013). 
  However, tall fescue’s value as a forage is somewhat limited by its vulnerability to fescue 
toxicity and decreased forage yield and quality during the summer (Volenec and Nelson, 2007; 
Roberts and Andrae, 2004; Looper et al., 2010). As a result of these limitations, beef cattle 
producers operating in the Fescue Belt sometimes supplement fescue and other CSG forages 
with warm-season grasses (WSG) (Sanderson et al., 2012). Supplementing CSG forage with 
WSG can provide a number of benefits. Warm-season grasses tolerate high temperatures and 
limited moisture conditions and grow well during the region’s summer months. Planting 
additional pasture acres with WSG varieties such as big and little bluestem, or Andropogon 
gerardii and Schizachyrium scoparium, respectively, can provide desirable summer forage for 
growing cattle (Backus et al., 2017). As a result, planting WSG species can increase pasture 
productivity (Harper et al., 2011), decrease average grazing cost per day while maintaining 
equivalent animal performance (Lowe et al., 2016), and lower purchased feed costs (Gelley, 
2015). Pastures seeded with WSG can allow producers to hold stocker calves on pasture longer, 
adding extra weight to animals, especially during the first 30 days of the summer grazing period 
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(Keyser et al., 2012). Establishing WSG on pastures can also allow pastures planted with CSG to 
rest and re-establish after grazing (Harper et al., 2007).  
Supplementing CSG forages with WSG can also enhance system resiliency. WSG are 
typically more drought tolerant than CSG (Harper et al., 2007) and are adapted to the region’s 
soil and climate and to the insects and diseases endemic to the region (Keyser et al., 2012). Other 
potential benefits of managing forage pasture with WSG species include reduction in sediment 
loss and enhanced wildlife habitat (Ashworth, 2011; Harper et al., 2015; Monroe et al., 2016).  
Working land conservation programs such as the Environmental Quality Incentive 
Program (EQIP), Grassland Reserve Program (GRP), and Wildlife Habitat Incentive Program 
(WHIP) provide financial and technological assistance for adopting new forage species or 
rehabilitating pasture (Ryan and Marks, 2005; Lambert et al., 2007; Harper et al., 2011). One 
example is the Natural Resource Conservation Service’s EQIP Practice 512, the purpose of 
which is to provide summer forage, reduce soil erosion, increase water quality, and produce 
feedstock for biofuel. These programs can reduce or offset the costs of WSG adoption. Despite 
these benefits, the published research (Taylor, 2000; USDA, 2017) suggests that use of WSG-
based forage in the Fescue Belt to supplement CSG forage is relatively limited. For example, 
according to a 1999 survey, Missouri had the largest reported WSG acreage among all the 
eastern states in 1997, constitutes only 3% of Missouri’s six million acres of grassland and range. 
This study uses data from a 2018 survey of Tennessee beef cattle producers to examine 
operator and farm-level factors associated with the use of and willingness to adopt WSG pasture 
systems by producers in the region. The objective of the research is to identify potential barriers 
impeding the adoption of WSG systems, including operator perceptions of, or experience with 
WSG systems, farm business characteristics, operator demographics, and financial constraints. 
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The study identified two groups of respondents - those who currently use WSG pasture systems 
and those who did not. Respondents who do not use WSG participated in a choice experiment. 
The choice experiment was designed to elicit producer willingness to adopt (WTA) WSG forage, 
given their voluntary participation in a hypothetical cost share program that provided financial 
incentives to manage pasture with WSG species. Understanding what factors influence beef 
cattle producer WTA WSG and producer responsiveness to incentives could aid in the design of 
programs to encourage the adoption of best pasture management practices, such as 
supplementing CSG pasture with WSG.  
Literature Review 
Prior research suggests that producer reluctance to adopt WSG may be due to limited 
understanding of how WSG forages fit into fescue-based grazing systems, what percentage of 
fescue pastures should be converted to WSG, and what mixtures of these grasses are most suited 
to specific operations (USDA, 2018). Producers usually base their decisions to adopt new 
technology invention on economic incentives and expected changes in profitability (Griliches, 
1957). In addition, specific attributes of new practices may also affect acceptability to producers 
and their adoption decision (Reimer et al., 2012). Relative advantage in the form of direct 
financial benefits or indirect benefits such as an increase in time-saving or social prestige 
(Rogers, 2003), compatibility, and observability usually play an important role in the adoption 
decision (Aldana et al., 2011; Suri, 2011; Reimer et al., 2012). 
Research exploring the factors affecting farmer adoption of best management practices 
(BMPs) typically focuses on farm operation and business attributes and farmer characteristics. 
Factors such as operator age, educational attainment, farm size, information resources, 
managerial ability, input costs, farmers’ perceived relationship with their land or the 
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environment, and government policies or incentives have been found to influence technology 
adoption to varying degrees (Lambert et al., 2007; Kim et al., 2008; Lambert et al., 2014; Jensen 
et al., 2015). The role of cost-share payments has drawn particular attention. The reason for this 
attention may be because they can directly influence farmers’ net returns and be used to 
encourage farmers to adopt environmentally responsible management practices. Cooper and 
Keim (1996) examined farmer WTA integrated pest management, legume crediting, manure 
testing, split application of nitrogen, and soil moisture testing. Their study identified diminishing 
returns to incentives. Lichtenberg (2004) examined the case where multiple practices were 
adopted, given incentives. The results showed that as the cost burden to the producer increased, 
the likelihood of adopting any particular BMP deceased. Rolfe et al. (2006) examined landholder 
decisions to supply mitigation actions to improve water quality and riparian management in a 
grazing system. The results showed that practices with higher payment levels were more likely to 
be selected by landholders. Ma et al. (2012) examined farmer willingness to participate in 
payment-for-environmental-services programs and found that enrollment decisions depended on 
the payment offered and the net marginal benefit to the farmer. Lambert et al. (2014) examined 
factors affecting cattle producer WTA to adopt BMPs in East Tennessee. The results suggest that 
younger operators of larger farms and those with a college degree were more likely to adopt 
BMPs in exchange for a cost share payment. Jensen et al. (2015) analyzed cattle producer WTA 
or expand prescribed grazing acres and found that the incentive offered was positively associated 






The methodologies used to collect the data, including the design, structure and implementation 
of the survey, are discussed in detail in Chapter 1. Thus, this Chapter will focus on the models 
used to analyze the data, beginning with the search for the presence of response bias. 
Response Bias 
 
The survey process may introduce problems in the data collected. This process is usually referred 
to as survey response-related bias (Messonnier et al., 2000). The first concern is about the sets of 
respondents who actually complete the survey. As the list frame is from producers who 
participated in Tennessee’s Agriculture Enhancement Program, the sample may not be 
representative of the target population. In addition, certain types of producers may be more or 
less likely to complete the survey. For example, producers with limited access to the internet or 
producers who are interested in planting WSG may be more or less likely to complete the online 
survey. The second concern is about survey mode effects. The mode by which a survey is 
administered may introduce systematic differences in the way respondents answer survey 
questions (Voogt and Saris, 2005). For example, respondents who participate in an online survey 
could provide systematically different responses than those but who do participate in a telephone 
survey. During telephone surveys, respondents may be influenced by the characteristics of the 
interviewers and the interview process (Gong and Aadland, 2011). As a result, interview surveys 
are more likely to produce socially desirable answers for even not so sensitive questions 
(Dillman and Tarnai, 1991; Aquilino, 1994). Research also finds that respondents are more likely 
to provide positive answers to scalar questions when surveyed by telephone than when presented 
with a visual scale as would be the case in an online survey (Dillman et al., 2011).  
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Thus, I hypothesize that the respondents answering the survey by phone are likely to be 
more willing to adopt WSG, report more pasture acres willing to enroll given that they would 
adopt WSG, and are more likely to provide positive answers to the scalar questions about the 
merits of WSG when the second type of response bias has greater effects than the first type. 
These hypotheses imply the following null hypotheses: 
H1: There are no systematic differences between online and telephone respondents with 
respect to respondent characteristics; and 
H2: There is no difference between respondent WTA WSG, pasture acres willing to 
enroll, expectations of the effects of adopting WSG among online and telephone 
respondents. 
The hypotheses are tested using two approaches. Pairwise means comparisons are used to 
test H1. Questions used in the pairwise means comparisons included the number and frequency 
of field days or Extension workshops attended, the frequency at which the respondent consulted 
Extension publications or websites for farm information, if the respondent was likely to pass the 
farm operation to next of kin or other family members, and the percentage of income from 
farming. Respondent confidence in the survey influence was also included reflecting 
respondents’ attitudes toward survey consequentiality (Carson and Groves, 2007; Carson et al., 
2014). For H2, differences between proportions was determined to examine if there were 
differences between the mean of the two groups’ answers of whether they would adopt WSG 
with an incentive, pasture acres willing to enroll given would adopt WSG, and how their 
livestock operation would change if they adopted WSG. In addition, a dummy variable 
representing survey mode is included in the WTA model to control for this effect. 
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Willingness to Adopt WSG 
 
Discrete-choice models are widely used to analyze farmer behavior and decision making in a 
utility maximization framework when the observed choice is a continuous latent variable 
denoting the propensity to choose one option over others (Cooper, 1997; Vanslembrouck et al., 
2002; Wossink and Wenum, 2003; Defrancesco et al., 2008). Based on McFadden’s (1974) 
random utility model, producers are willing to adopt WSG when the expected utility from doing 
so exceeds the expected utility absent the technology. The utility model used here is:  
 
                                                             𝑈𝑗 = 𝑥𝛽𝑗 + 𝑢𝑗                                                         (1) 
 
where 𝑗 = 0, 1 is the state of adoption. The utility change ?̅? = 𝑈1 − 𝑈0 is a latent variable and 
unobservable. When the change is positive the producer is willing to adopt WSG given the 
incentive offered. 𝑥 is a list of independent variables that affect producers’ utility. The error term 
𝑢𝑗 is unobservable, independent, and identically distributed. The probability a respondent is 
willing to manage pasture forage with WSG is then:  
 
𝑃𝑟(𝐴𝑑𝑜𝑝𝑡 = 1) = 𝑃𝑟(𝑥𝛽0 + 𝑢0 ≤ 𝑥𝛽1 + 𝑢1) = 𝑃𝑟(𝑢0 − 𝑢1 ≤ 𝑥𝛽)  (2) 
 
where 𝛽 = 𝛽1 − 𝛽0 and 𝛽 can be estimated through probit regression. The probability of a 
respondent being willing to adopt WSG is 𝑃𝑟(𝐴𝑑𝑜𝑝𝑡 = 1) = 𝐹𝜇(𝑥𝛽), where 𝐹𝜇 is the cumulative 
distribution function of 𝜇. The error term 𝜇 = 𝜇1 − 𝜇0 follows a normal distribution, with mean 
zero and variance 𝜎2.   
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Respondents who answered that they would adopt WSG under the offered cost-share 
were asked how many acres they would enroll (Figure 12). Ordinary Linear Squares estimation 
of enrolled acres using only the observed data without including the condition that respondents 
would adopt WSG would have an omitted variable problem. Thus, this sequence requires the use 
of a selection model (Heckman, 1976) conditioned on the decision of whether or not to adopt 




∗ > 0 
0 𝑖𝑓 𝑈𝐴𝑑𝑜𝑝𝑡
∗ ≤ 0
     (3) 
 




0 ) is positive (𝑈𝐴𝑑𝑜𝑝𝑡
∗ > 0) and to refrain from adopting (Adopt = 0), 
if the expected utility is not positive, where the expected utility of adopting is modeled as: 
 
𝑈𝐴𝑑𝑜𝑝𝑡
∗ = 𝑋1𝑖𝛽1 + 𝜇1𝑖      (4) 
𝐴𝑐𝑟𝑒𝑠𝑖 = {
𝑋2𝑖𝛽2 + 𝜇2𝑖  𝑖𝑓 𝐴𝑑𝑜𝑝𝑡𝑖 = 1 
𝑈𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑖𝑓 𝐴𝑑𝑜𝑝𝑡𝑖 = 0
   (5) 
 





𝑆), where 𝑠𝑠𝑖 
is a dummy variable indicating if the respondent participated in the online or phone survey and 
Incent is the incentive offered to nonusers in choice experiment. The variables in 𝑍𝑖
𝐶  are 
producer characteristics while the variables in 𝑍𝑖
𝐹 represent farm characteristics. Current pasture 
and farm management practices are represented by the variables in 𝑍𝑖
𝑀. The matrix 𝑍𝑖
𝐸  is 
comprised of variables defining respondent perceptions of the effects of WSG adoption on his or 
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her operation. Finally, 𝑍𝑖
𝑆 is comprised of variables detailing respondent actions regarding 
supplemental feed and drought. 
Respondents who are willing to adopt WSG given the incentives are asked to state the number of 
acres they would be willing to enroll in the program. Thus, while equation 4 measures the effect 
of the incentive on the WSG adoption decision, equation 5 measures the acres enrolled in the 
program, conditional on the respondent accepting the offer. The matrix 𝑋2𝑖 =
(𝑠𝑠𝑖 𝐼𝑁𝐶𝐸𝑁𝑇𝑖 , 𝑎𝑐𝑟𝑒𝑡𝑖, 𝑍𝑖
𝐸) contains the covariates included in Equation (5), while acret is total 
pasture acreage.  
The error terms for Equations (4) and (5) are assumed to be correlated and follow a 











])     (6) 
 
where σ2 is the error variance of the acreage enrollment equation, and 𝜌 the correlation 
coefficient between the error terms of the adoption and enrollment equations. If 𝜌 is statistically 
significant, then there is sample selection bias. If 𝜌 = 0, the adoption and enrolled acres models 
can be estimated separately as a probit and an OLS regression (Greene, 2011).  
The expected values of adopt and acres are: 
 
𝐸(𝐴𝑑𝑜𝑝𝑡 = 1) = Φ(𝑋1𝑖𝛽1)     (7) 
𝐸(𝐴𝑐𝑟𝑒𝑠|𝐴𝑑𝑜𝑝𝑡𝑖 = 1) = 𝑋2𝑖𝛽2 + 𝜌𝜎𝜆𝑖(𝛼)   (8) 
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where 𝛼 = −𝑋1𝑖𝛽1.  𝜆𝑖(𝛼) =
𝜙(𝑥1𝑖𝛽1)
Φ(𝑥1𝑖𝛽1)
 is the inverse Mills ratio, which is the omitted part when 
using OLS to estimate equation (5) if ρ is not 0. The marginal effect of a continuous explanatory 
variable, 𝑋𝐾, on the expected values of adopt and acres could also be derived: 
 
𝜕𝐸(𝐴𝑑𝑜𝑝𝑡) 𝜕𝑋𝐾⁄ = 𝛽1𝜙(𝑋1𝑖𝛽1)    (9) 
𝜕𝐸(𝐴𝑐𝑟𝑒𝑠|𝐴𝑑𝑜𝑝𝑡 = 1) 𝜕𝑋𝐾⁄ = 𝛽2 − 𝛽1𝜌𝜎𝛿(𝛼)  (10) 
 
where 𝛿(𝛼) = [𝜆𝑖(𝛼)]
2 − 𝛼𝜆𝑖(𝛼). The variables in 𝑋𝐾 are hypothesized to affect both adoption 
and enrolled acres. Coefficients are estimated using full information maximum-likelihood and 
robust standard errors are computed (Huber, 1967; White, 1980; Greene, 2011). 
Multicollinearity 
 
Multicollinearity could affect estimators by inflating the variance of the estimates and, thereby, 
reducing the precision of the estimates and the power of hypothesis testing. Both Condition 
Index (CI) and Variance Inflation Factor (VIF) tests are used to determine if multicollinearity is 
a serious problem (Belsley, Kuh, and Welsh, 1980; Chatterjee and Price, 1991). Usually VIF 
exceeding 10 or CI greater than 30 indicate potential problems due to multicollinearity.  
Explanatory Variables 
A dummy variable indicating if respondents finished the survey online or over the phone (ss) is 
used to control for the potential survey mode effect. Both producer WTA WSG and the number 
of acres they would be willing to enroll given that they are willing to adopt WSG are expected to 
be lower for respondents who complete the survey online. The amount of the cost share incentive 
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(incent) is expected to positively affect both WTA WSG and pasture acre enrollment in the 
hypothetical program, given WTA WSG. 
Seven producer characteristics are hypothesized to affect WTA WSG. Producer age (age) 
is expected to be negatively associated with WTA WSG. Producer age is typically negatively 
associated with technology adoption (Daberkow and McBride, 2003). Older farmers tend to have 
shorter planning horizons and less incentive to change practices (Roberts et al., 2004). Younger 
farmers, on the other hand, have longer planning horizons and are more likely to take risks and 
be technology orientated (Wynn et al., 2001; Larson et al., 2008).  
Educational attainment is expected to be positively correlated with WTA WSG. Producer 
formal education level has been found to be positively associated with the adoption of a new 
technology (Walton et al., 2008). Producers with higher levels of education may be better 
equipped to adopt more complicated practices that require keeping records of seeding rates, 
planting and soil testing dates, forage production and cattle growth (Jensen et al., 2015). 
Educational attainment is represented by a dummy variable indicating whether the producer had 
a college degree (coll).  
Respondents intending to pass the farming operation to a family member after retirement 
(pfo) are expected to be more willing to adopt WSG. Desire to pass the farm to a family member 
upon the farmer’s retirement is expected to positively influence adoption since the investment 
required by converting pasture to WSG is tied to the land (Kim, Gillespie, and Paudel, 2008; 
Jensen et al., 2015).  
Attending Extension field days or workshops provides producers opportunities to 
network and exchange information with other producers and extension agents, which could 
contribute to improvements in managerial ability and increase the likelihood that producers will 
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be aware of the potential benefits of using WSG as supplemental forage. Thus, producers 
attending more Extension field days or workshops (atte) are expected to be more willing to adopt 
WSG. Previous studies have found that producers who use information from Extension may be 
more likely to adopt new technologies (Walton et al., 2008).  
Respondent confidence that the survey would influence farm programs in Tennessee 
(conf) is expected to be positively associated with WTA WSG. Producer attitudes play an 
important role in adoption decisions (Baumgart-Getz, Prokopy, and Floress, 2012). Respondents 
who believe the survey results will have actual influence on policy design are more likely to be 
willing to adopt or pay more for pro-social programs. In other words, respondents who believe 
the survey to be consequential have an incentive to report higher willingness to pay because they 
will never have to pay (Herriges et al., 2012; Li et al., 2016). 
Total household income (tinc) is expected to be positively correlated with WTA WSG. 
Total household income is a proxy for farm capital and the ability to invest in a new technology 
that involves high establishment costs and risks (Tey and Brindal, 2012). The percentage of 
income from farming (fainc) is expected to be positively correlated with both WTA WSG and 
willingness to enroll acres in the hypothetical program. Producers with a greater share of income 
from farming are hypothesized to have a relatively lower opportunity cost on the assumption that 
the use of WSG as forage supplement implies a higher management burden for cattle producers.  
Three farm structure variables are hypothesized to be correlated with WTA WSG. The 
purchase of pasture, rangeland and forage insurance (pins) may indicate that a producer is more 
risk averse and, thus, willing to adopt practices to moderate risk. On the other hand, the purchase 
of insurance may imply a preference for risk mitigation through insurance products. Regardless, 
planting WSG could be viewed by producers as either a risky investment, given uncertainties in 
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the costs and benefits of WSG adoption, or a prudent risk management strategy, given that 
supplementing CSG pastures with WSG can improve an operation’s resiliency to variable 
weather patterns. As a result, the nature of the expected relationship between a respondent’s 
previous purchase of pasture insurance and WTA WSG is ambiguous.  
The quantity of a producer’s total pasture acres (acret) is expected to be positively 
correlated with WTA WSG as well as the number of acres of pasture a producer would be 
willing to convert to WSG. Farm size has been found to influence technology adoption. 
Typically, farm size positively correlates with adoption (Mazzorra, 2001; Damianos and 
Giannakopoulos, 2002), possibly because larger operations have more resources to introduce 
new production processes or technologies (Jensen et al., 2015).  
Stocking density (stod) is expected to positively affect WTA WSG. Lower stocking 
densities are associated with improvements in animal performance in terms of calf weaning 
weight and annual feed requirements (Seligman et al., 1989). Higher stocking density correlates 
with increased pressure on CSG pasture during the summer months and possibly greater 
dependence on supplemental feed (Seligman et al., 1989). Thus, higher stocking densities may 
increase the need to supplement CSG with WSG to increase summer forage production and 
improve cattle performance.  
Four farm management variables are hypothesized to influence WTA WSG. Rotation 
frequency (rotsfr) is expected to be positively correlated with WTA WSG and enrolled acres. 
Rotational grazing allows producers to better utilize forage and prevent overgrazing. Producers 
who rotate livestock at higher frequencies have likely already divided their pasture into multiple 
paddocks for grazing, making is easier to for them to supplement their existing grazing system 
with WSG. Producers who applied fertilizer to their pasture in 2017 (ferm), conducted a soil test 
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of pasture land in 2017 (ts), and sprayed herbicide to control weeds in 2017 (scw) are all 
expected to be more willing to adopt WSG. Producers who more intensively managed their 
pasture may be more capable of committing the resources needed to adopt WSG as a forage 
supplement and more likely to recognize the benefits of adopting WSG (Jensen et al., 2015). 
Producer perception of WSG attributes are hypothesized to influence WTA WSG and 
enrolled acres. Although many previous studies of the adoption of BMPs or conservation 
practices have examined the effects of farm and farmer characteristics, less attention has been 
paid to the characteristics of the practices themselves. Overall, relative advantage (e.g. economic 
and environmental advantage over previous practices), compatibility (e.g. ease with which 
practice can be integrated into the operation), and observability (e.g. how visible the benefits of 
adopting the practice are to the producer) seem to be the practice characteristics mostly likely to 
influence adoption (Reimer et al., 2012). In this case, relative advantage is characterized by 
producer perceptions of whether WSG adoption would increase pasture productivity (wcppi), 
forage quality, livestock health and nutrition (wcfqlhi), and flexibility in managing pasture and 
grazing (wcfmi). Respondents who believe adoption would increase these measures are expected 
to be more willing to adopt WSG and willing to enroll more acres in the program, given 
adoption.  
Compatibility with their current operation is measured by producer perceptions of 
whether WSG adoption would increase the number of water sources used (wcwsi) and the 
management burden (wcmbi) and by how many times the producer has converted or renovated 
pastures in the past 10 years (ccrs). If producers believe that the number of watering sources 
needed and management burden would increase, they may not view WSG as particularly 
compatible with their operation and, thus, they may be less willing to adopt WSG and willing to 
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enroll fewer acres, given adoption. Producers who have eliminated existing cover and established 
new forage in the past ten years may be more willing to adopt WSG and enroll more acres since 
they have experience with renovating pasture.  
Rotation frequency (rotsfr) could be viewed as an indicator of compatibility between 
WSG adoption and the producer’s existing cattle operation. Alternatively, rotation frequency 
could indicate the trialability of supplementing CSG pastures with WSG. Producers who rotate 
more frequently may have more paddocks and the ability to more easily convert a smaller share 
of pasture to WSG. Either way, one would expect higher rotation frequency to be positively 
correlated with WTA. Producer perceptions of the complexity of supplementing CSG with WSG 
are measured by the extent to which producers are concerned about the time and effort needed to 
establish a WSG system. Producers who were very concerned (as opposed to not at all or 
somewhat) about the time and effort needed (paco) are expected to perceive WSG adoption as 
complex and, thus, less willing to adopt WSG and willing to convert less acres of pasture to 
WSG, given adoption. 
Six variables characterizing supplemental feeding in 2017 and responses to a prior 
drought are hypothesized to be correlated with WTA WSG. The number of days livestock were 
fed hay during the summer months in 2017 (dsh) is expected to be positively correlated with 
WTA WSG. Grazing livestock on WSG during the summer months could allow producers to be 
less dependent on hay and reduce feed costs. The percentage of municipal water (pmw) used as 
drinking water for livestock has implications for how costly it would be to provide drinking 
water to additional paddocks and, thus, potentially WTA WSG. However, the nature of this 
relationship is not intuitive a priori. 
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As water is important for both livestock and forage production, extreme weather like 
drought could harm livestock operations. Thus, producer experiences with previous droughts are 
likely to influence WTA WSG, given that WSG are typically more drought tolerant than CSG. 
Producers who had previously bought hay (bhfl), supplemented their water source (sws), shipped 
livestock for custom grazing elsewhere (slcg), or sold livestock (sl) in response to a drought are 
expected to more to be willing to adopt WSG and willing to enroll more acres in a hypothetical 
WSG incentive program, given the decision to adopt. 
Results and Discussion 
Response Bias 
 
The response bias test results are reported in Table 9. The online and telephone respondents, 
when divided into those who currently have WSG pasture (and, thus, did not participate in the 
choice experiment in the survey) and those who did not (and, thus, did participate in the choice 
experiment) are remarkably similar. The only statistically significant differences are in the means 
for the respondents who did not currently have WSG pasture in terms of the likelihood that they 
believed the adoption of WSG would increase their management burden and in terms of the 
extent of confidence they have in whether the results of the survey would influence farm 
programs in Tennessee. Of those who had not adopted WSG, more respondents who answered 
the online survey believed that their management burden would increase as a result of adopting 
WSG than those who answered the survey online (0.30 and 0.38, respectively, p = 0.043). The 
implications of this difference for the presence of response bias are not immediately obvious. 
Similarly, of those who had not previously adopted WSG, those who answered the survey 
over the phone expressed more confidence that the survey results would influence farm programs 
in Tennessee than those who completed the online survey (1.99 and 2.14, respectively, p = 0). 
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This result is interesting in that one might expect those who responded to the survey online 
would have more confidence in the survey’s influence than those who did not. Perhaps, the result 
indicates that respondent confidence levels in survey consequentiality are higher for telephone 
than online surveys or were boosted by the second attempt to obtain their responses. 
Alternatively, it could be that respondents are less willing to tell express low confidence levels to 
a person over the telephone than in an online survey setting.  
Otherwise, there were no statistically significant differences between those who 
completed the online survey and those who did not respond to the online survey but did complete 
the survey over the phone when called by interviewers, when respondents are divided into 
subgroups on the basis of their current use of WSG and, as a result, the questions they were 
asked in the survey. Of particular note, there was no significant difference between the 
percentage of respondents who expressed a WTA WSG given the incentive offered between 
those who completed the online survey and those who did so over the phone. Additional 
comparisons across other components of the survey, including farm and farmer characteristics, 
might provide additional insight into possible differences between these two groups and their 
responses to the survey. Similarly, for those questions completed by respondents who did not 
currently utilize WSG forages and those who did, pairwise means comparisons between all those 
who completed the survey online or over the phone are also warranted. In general, the results 
offered limited support at best, for the presence of response bias. However, further tests are 
warranted and the potential for response bias should be considered when analyzing WTA. 
Willingness to Adopt WSG 
 
Definitions and mean values are provided for all of the variables included in the WTA and 
acreage enrollment models in Table 10. The correlation coefficient 𝜌 between the error terms of 
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the WTA and the acres enrolled models is not significant (p=0.336), failing to indicate the 
presence of selection bias. As a result, the two models are estimated separately. The regression 
results and marginal effects for both models are reported in Table 11. The null hypothesis that all 
of the variables are jointly insignificant is rejected for both models. For the WTA model, the 
Wald statistic is 51, p = 0.006 (Table 11). For the acres enrolled model, the F statistic is 4.31, p = 
0 (Table 11). The VIFs for all the variables are less than two and CIs are less than 15, indicating 
that multicollinearity is not a problem. Approximately 66% of the 458 respondents included in 
the regression analysis indicated that they would be willing to adopt WSG given the incentives 
offered. The sample used in the regression analysis is part of the Nonuser sample, thus the mean 
of willingness to adopt of Online and Phone respondents reported in Table 9 are different from 
66%. On average, the respondents who indicated there were willing to adopt WSG would be 
willing to enroll 36 acres in the hypothetical program.  
The parameter estimate for the incentive offered (incent) is statistically significant in the 
WTA model but not the acres enrolled model. Producers are more likely to be willing to adopt 
WSG when the incentive they are offered is higher. Each $1 increase in incentive increases the 
probability of a respondent being willing to adopt WSG by 0.07%. However, the elasticity of the 
likelihood of being willing to adopt WSG with respect to the incentive is only 0.001, suggesting 
that producers are not particularly responsive to changes in the incentive. One possible 
explanation is that on average, only 34% of respondents’ annual household income is from 
farming (Table 7), thus converting pasture to WSG and increased management burden associated 
with rotations between CSG and WSG means higher opportunity cost for them. Another 
explanation is that respondents who earn less percentage of their income from farming may not 
be driven by profits from farming, thus are less responsive to changes in the incentive levels. 
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Another possible explanation is that, producers who are more sensitive to incentives have already 
adopted WSG and participated in other programs and producers who are less responsive to the 
change of incentive levels make up a greater share of the sample.  
Survey mode (ss) is positively correlated with WTA WSG. Producers who completed the 
survey online are more likely to be willing to adopt WSG than those who completed the survey 
over the phone. This result is different from the response bias test results before, where no 
significant differences in WTA WSG between online and phone respondents was found. As 
discussed before, this result may indicate that respondents who completed the online survey are 
more interested in WSG. As expected, producers who attended more field days or Extension 
workshops (atte) and those with a higher stocking density (stod) are more willing to adopt WSG. 
Total pasture acres (acret) are positively correlated with the number of acres respondents who 
are willing to accept the incentive would be willing to enroll in the program. 
Respondent perceptions about a number of the likely effects of adopting WSG on their 
operation are correlated with WTA WSG. Respondents who believe that adopting WSG would 
increase forage quality and livestock health and nutrition (wcfqlhi) are 0.12 more likely to be 
willing to adopt WSG and would be willing to enroll 7.64 more acres. Respondents who believe 
that adopting WSG would increase management flexibility (wcfmi) are 0.10 more likely to be 
willing to adopt WSG. On the other hand, respondents who believe adopting WSG would 
increase their management burden (wcmbi) are 0.24 less likely to be willing to adopt WSG and 
those who are willing to adopt would enroll 6.01 less acres. Similarly, respondents who are more 
concerned about the time and effort needed to convert pasture to WSG but willing to adopt WSG 
given the incentive are willing to enroll 6.18 fewer acres than those who are less concerned. 
These results are as expected.  
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Respondents who believe adopting WSG would increase the number of water sources 
used and are willing to adopt WSG given the incentive offered are willing to enroll 7.78 more 
acres than those who believe adopting WSG would not increase the number of water sources 
used. This result is contrary to our expectation, and may indicate a potential problem in the 
direction of causation. One possible explanation is that respondents who would like to convert 
more pastures acres to WSG believe that additional water sources are needed. Greater 
dependence on municipal water for livestock drinking water (pmw) is negatively correlated with 
WTA WSG. A possible explanation is that producers who depend more on municipal water may 
be less likely to have ready access to other clean, reliable, and inexpensive water sources and, 
since, WSG adoption might imply more grazing paddocks and more water sources, greater 
reliance on municipal water might imply higher costs. Another possible explanation is that 
producers who already have a highly developed municipal water system and manage grazing 
intensively usually means they manage their current pasture well, so it would be difficult for 
them to benefit from adopting WSG. Finally, respondents who previously supplemented their 
water source when facing a drought (sws) are less likely to adopt WSG. This may be because that 
their limited water supply reduces the benefits of adopting WSG, i.e. adopting WSG would mean 
that in the event of a drought, they would have feed for livestock but still not have adequate 
water supply. 
Conclusion 
Supplementing cool-season grasses that dominate pastures in the Fescue Belt could enhance the 
resiliency and profitability of the region’s livestock operations. Warm-season grasses could 
compensate for the reduced productivity of cool season grasses during the summer months, 
enhancing resilience to drought and disease. The conversion of a share of the region’s cool-
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season grasses to warm-season grasses could also enhance wildlife habitat, prevent sediment 
loss, and increase water quality. However, prior studies suggest that the utilization of warm-
season grasses in the region is low. This research elicits the willingness of cattle producers in 
Tennessee to adopt warm-season grass in a hypothetical choice experiment and analyzes the 
effects of various farm and farmer characteristics on this willingness to adopt. 
Given that survey was implemented online, with a share of the non-respondents being 
offered the opportunity to complete the survey over the telephone, tests for response bias 
between the two survey modes was conducted. Although response bias test results only provide 
weak support for the existence of response bias, the survey mode is found to be positively 
correlated with willingness to adopt warm-season grasses. Producers who completed the survey 
online that are more interested in WSG, exhibited a greater willingness to adopt warm-season 
grasses. Producers who attended more field days or Extension workshops, have a higher stocking 
density, have higher expectations of the likely benefits of adopting warm season grasses, are less 
concerned about the likely costs of adopting warm-season grasses, rely more on municipal water 
to provide water for their livestock, and previously supplemented water sources when faced with 
a drought are more likely to be willing to adopt warm-season grasses. The number of acres these 
producers are willing to enroll in a hypothetical program is positively correlated with the number 
of pasture acres they manage and their expectations of the likely benefits of adopting warm-
season grasses. Their willingness to enroll acres in the hypothetical program is negatively 
correlated with concerns over the management burden and difficulty of adopting warm-season 
grasses. 
The amount of hypothetical incentive positively influenced producer willingness to adopt 
warm-season grasses, but not the number of acres they are willing to enroll in the hypothetical 
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program, given their willingness to adopt. The share of respondents willing to adopt warm-
season grasses increased from 51 percent to 64 percent as the incentive increased from $25/acre 
to $165/acre. In general, respondents are not sensitive to the change of incentive levels. It should 
be noticed that the percentage (51%) of producers willing to adopt warm-season grasses at the 
lowest incentive level ($25/acre) is relatively high. One possible explanation is that they were 
not asked if they would adopt warm-season grasses at the level of $0/acre. Other possible 
explanations are either producers who were not familiar with warm-season grasses are really 
willing to adopt WSG after they realize the benefits of WSG or they were just answering yes to 
the question without really consider adopting WSG in reality. Results of the survey suggest that 
Tennessee beef cattle producers are willing to convert pastures to warm-season grasses, but may 
be deterred by concerns over the difficulty of converting pastures and fears that utilizing warm 
season grasses would increase their management burden. Considering the inelasticity of adoption 
of warm-season grasses and the incentives, and the fact that there are already similar incentive 
programs that producers could participate in, these results may suggest that maybe more efforts 
should be put into reducing the difficulty or uncertainty associated with conversion to warm-
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Table 9. Pairwise Means Comparisons between Respondents on the Basis of Whether They Currently Use WSG Forages or 
Not and Whether They Completed the Survey Online or Over the Telephone 
    WSG User Means WSG Nonuser Means 









adopt Willingness to adopt warm-season grass given the 






enacre Pasture acres willing to enroll given would adopt warm-
season grass 




wcppi Would change-pasture productivity (1=increase) 
  
0.79a 0.76a     
597 258 





















wcmbi Would change-management burden (1=increase) 
  
0.38a 0.30b     
591 257 
atte Field days or Extension workshops attended in 2017 
(1=zero; 2=One or two; 3=Three or four; 4=Five or six; 









cons Times consulted Extension publication or website in 
2017 (1=zero; 2=One or two; 3=Three or four; 4=Five or 









pfo Expect to pass on farm to family member (1=yes) 0.76a 0.72a 0.77a 0.75a   
469 67 594 274 
fainc Percentage of income from farming (1=Less than 20%; 











Table 9. Continued 
    WSG User Means WSG Nonuser Means 









conf Confidence of survey influence (1=Not confident; 









Note: For any single variable, the repeat of a letter across groups indicates that the group means are not statistically different at a 
5% level. Different letters indicate that the means are significantly different at a 5% level. Thus, the mean for a group designated 
“ab” is not significantly different than the means for groups designated “a” or “b”, although the means for the groups designated 












Table 10. Variable Descriptions and Means for the Willingness to Adopt and Acreage Enrollment Models 
Variable Name Definition 
Mean (Std. Error) 
Willingness to Adopt Enrolled Acres 



















age Age (years) 54.212 
(13.228) 
 
coll College degree (1=yes) 0.496 
(0.501) 
 
pfo Expect to pass farm to family member when retire (1=yes) 0.771 
(0.421) 
 
atte Field days or Extension workshops attended in 2017 (1=zero; 2=One or 




conf Confidence of survey influence on farm programs in Tennessee (1=Not 




tinc Total annual household income (1= < $25,000; 2=$25,001 to $50,000; 
3=$50,001 to $75,000; 4=$75,001 to $100,000; 5=$100,001 to 




fainc Share of income from farming (1=Less than 20%; 2=20-40%; 3=41-60%; 




pins Have previously purchased pasture insurance (1=yes) 0.153 
(0.360) 
 









Table 10. Continued 
Variable Name Definition 
Mean (Std. Error) 
Adopt WSG Enrolled Acres 
rotsfr Rotate frequency (1=Less than once per month; 2=One or two times per 




ferm Used fertilizer management in 2017 (1=yes) 0.845 
(0.362) 
 
ts Tested soil in 2017 (1=yes) 0.594 
(0.492) 
 
scw Sprayed to control weeds in 2017 (1=yes) 0.773 
(0.419) 
 




















paco Concern over time and effort needed to adopt (1=Not that all concerned; 





ccrs Times converted or renovated pasture in last 10 years (1=None; 2=Once; 





pmw Percent of livestock drinking water supplied by municipal water 15.467 
(29.564) 
 
dhs Percent of days on hay during summer months 0.007 
(0.034) 
 





Table 10. Continued 
Variable Name Definition 
Mean (Std. Error) 
Adopt WSG Enrolled Acres 
sws Action taken-supplemented water source (1=yes) 0.345 
(0.476) 
 
slcg Action taken-shipped livestock for custom grazing elsewhere (1=yes) 0.048 
(0.214) 
 
sl Action taken-Sold livestock (1=yes) 0.581 
(0.494) 
 
N   458 476 
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Table 11. Parameter Estimates and Marginal Effects for Willingness to Adopt and Acreage Enrollment Models 
  
  
Estimates Marginal Effects 
Adopt WSG Enrolled Acres Adopt WSG Enrolled Acres 




Incentive of planting warm-season grass 
($25,$60,$95,$130,$165) ($/acre) 
0.0022* 0.0360 0.0007* 
(0.098) 
 

















Field days or Extension workshops attended in 





































Table 11. Continued. 
  
  
Estimates Marginal Effects 
Adopt WSG Enrolled Acres Adopt WSG Enrolled Acres 
























Would change-forage quality &livestock health & 
nutrition (1=increase) 




Would change-flexibility in managing pasture and 
grazing (1=increase) 




Would change-number of water sources used 
(1=increase) 























Table 11. Continued. 
  
  
Estimates Marginal Effects 
Adopt WSG Enrolled Acres Adopt WSG Enrolled Acres 



























Constant -1.1883** 28.0173*** 
 
  
N 458 476 
  
Chi-squared 51 
   
Log pseudo likelihood  -268 







4.31     
* p < 0.1, ** p < 0.05, *** p < 0.01 





































This thesis is comprised of two studies focusing on the adoption of WSG by Tennessee beef 
cattle producers. The first study presented the summary result of 2018 Tennessee beef cattle 
producer survey. This survey included six sections. The first section asked questions about 
livestock and forage production. Respondents who grazed livestock on warm-season grasses in 
2017 completed the second section of the survey. This section included questions about current 
WSG use experience. Respondents who did not use warm-season grasses completed the third and 
fourth sections of the survey. The third section included a hypothetical choice experiment elicit 
respondent willingness to adopt warm-season grasses, given a financial incentive. A series of 
follow up questions, including what concerns respondents had about establishing warm-season 
grasses and their expectations of adopting warm-season grasses, comprised the fourth section of 
the survey. All respondents were asked to finish the fifth section of the survey, which included 
questions about supplemental feed, drought, livestock drinking water sources, and opinions about 
the importance of risk management and drought contingency planning. The sixth and last section 
included questions pertaining to demographic characteristics.  
About 99% of all respondents grazed livestock in 2017, and about 41% of these who 
grazed livestock in 2017 already used warm-season grasses. Mean comparison results showed 
that there are differences between the answers of respondents of different groups: users and 
nonusers, adopters and nonadopters. Partial correlation analysis showed that the current use of 
warm-season grasses was correlated with college degree, total household income, percentage of 
income from farming, field days or Extension workshops attended, confidence that this survey 
would affect Tennessee farm programs, purchase of pasture insurance, pastures acres owned, 
rotation frequency and soil testing. Willingness to adopt warm-season grasses is correlated with 
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age, expectation of passing farm to a family member, fertilizer management, expectation that 
adoption of warm-season grasses would increase forage quality, livestock health and nutrition, 
management flexibility, and times converted or renovated pasture, and having sold livestock in 
response to drought. Data gathered from this survey provided a general sketch of beef cattle 
producers in Tennessee with respect to demographic characteristics, current livestock production, 
and experience and attitudes towards warm-season grasses.  
The second study explored the reasons for the limited utilization of warm-season grasses 
and the likely effect of financial incentives on warm-season grasses adoption by Tennessee beef 
cattle producers. For Nonusers, those producers who are more likely to adopt warm-season 
grasses include those who have higher stocking density, have higher expectations of warn-season 
grasses, rely more on municipal water, and had previously supplement on their water source 
during a drought. Incentive only have influences on the willingness to adopt warm-season 
grasses, about 51% to 64% of Nonusers chose to adopt warm-season grasses with incentive 
changing from $25/acre to $165/acre. The number of acres of warm-season grasses they are 
willing to plant are influenced by their total pasture acres, expectations of warm-season grasses, 
and concern of time and effort needed to convert pasture to warm-season grasses. The results 
could be used when designing a program to promote the conversion of pasture to warm-season 
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